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How does one discover planets around other stars?

Doppler
Spectroscopy
or Radial
Velocity
Method

Credit: NASA



Techniques to detect planets around other stars

Direct
Imaging

Credit: NASA



Fomalhaut
HST ACS/HRC .

No data

Fomalhaut b planet
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HR 8799 system:

4 giant planets

(~7-10x Jupiter’s mass each)
orbiting a young

(~30 million years)

massive star

(¥2x Sun’s mass)

2009-07-31

20 au

Jason Wang /
Christian Marois




Techniques to detect planets around other stars
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Credit: NASA/JPL-Caltech



Techniques to detect planets around other stars

o

Transit
Method

Credit: NASA
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Kepler’s Small Habitable Zone Planets

Planets enlarged 25x compared to stars
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FRACTION OF STARS
WITH AT LEAST ONE PLANET

Earth

2-4 4-6

Mini- Large
Super-Earth

PLANET SIZE (relative to Earth)
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Neptune  Neptune

Gas
Giant

Credit: NASA/Kepler/F.Fressin
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WEFIRST

Exoplanet

Missions

Worlds
Telescope

Habitable Exoplanet Imager?

VOIR?

W. M. Keck Observatory Large Binocular

NN-EXPLORE
Tel, Int t

1 NASA/ESA Partnership Bestope Interferometer
2 NASA/ESA/CSA Partnership Ground Telescopes with NASA participation

3 CNES/ESA 16




TESS — NASA Explorers Program James Webb Space Telescope

(launch 2018)

_Suence studies: -
~Survey most of sky for

transiting exoplanets around™

bright & nearby stars

Credit: NASA, GSFC, MIT

L Saence studies:

(launch 2019)

General purpose |5fr‘ared observatbﬁ}

 (“cosmic dark ages”, galaxies, starformation etc)

Will probe atmospheres of transiting exoplanets

Credit: NASA, STSci



WFIRST
Wide Field Infrared Survey Telescope

(launch mid-2020s)
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Science studies:

Exoplanets via Microlensing
Exoplanets via Direct Imaging

Dark Energy via Wide-field imaging of
galaxies and supernovae

Credit: NASA/GSFC






Starshad
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Concepts Under Study for Large Space Telescopes
Capable of Studying Exoplanets in 2030s

Habitable Exoplanet
Imaging Mission
(HabEx)

o‘ s . ’

Large U.V/Op.ticaI/.Infralr'éd'Survey(LUVdIR‘)’ £

Origins Space

Credit: Telescope (OST)
NASA
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Our nearest stellar neighbors — 4 light years away:
The a Centauri triple system

{

o Cen A/Rigel Kentaurus

o Cen C/Proxima Centauri
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‘State f _th"e' ',_G'alaxy (extrapolating from recent surveys)

B Exoplanet 'aré Ubi‘qUifd'us° statistic'ally' lnea rly every star likely has planets -

Sun I|ke stars typlcally have 5 planets

pr “SUper Earths” and ”sub- ,,‘“tunes are more common
&

| .,i | th.an.r,ocky,p.lanets (e'g. B Earth) and gas giants (e.g. Jupiter)

3 PIanets form oyér a wide range of star properties,
| e g. mass Iumlno _'", age, chemical composition, multiplicity

Inmdence of exo Earth,'rocky planets, 0.5-1.5x Earth size, in Habitable Zone)
'%f active research: so far ~0.1-1 per star




i For more o'n”eXo'p-I.anets._ %
_https /f(exoplanets nasa. gov/

f NASA Exoplanet Archive
http: //exoplanetarchlve ipac.caltech.edu/
| ',Kepler & K2 exo__j,;; net mission

hankyout

This wdrkwas carried outat the Jet Propulsi n Laboratory, California Institute of Technology under contract with the National Aeronautics and Space
Administration. © 2017 All rights reserved.f






The names of 14 stars and 31 exoplanets
approved by the Internatlonal Astronomlcal Union
; nameexoworlds lau. org




 WFIRST -

Semimaijor axis in AU
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Exoplanet Direct Imaging in the Optical and Near—infrared

e Known RV \ beta Pic b

O Projected Discoveries HR 8799 e \ HR 8799 d
e bl g 0S8 D T HbNz1300 ab
Solar system planets ik i Coronag ra ph:
as seen from 10 pc . .
&5 imaging large
o © 0 )
; & Bhosiona Eon' ° exoplanets on
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7 S, o o N  wide orbits
: AN : .
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. Starshade concept
@
Exoplanet Inner Working Angle Telescope

« Inner Working Angle is the closest separation of Planet and Star that we
can expect to see with a given starshade

« For Hypergaussian starshade, this is approximately equivalent to:

twa = Dss/2

Credit: Steve Warwick, NGST




Techniques to detect planets around other stars

Astrometric
Method

e

Credit: NASA
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Habitable Zone

Proxima b Orbit —

| Period: 11.186 days
Minimum mass: 1.27 Earth masses

Proxima Centauri

Mass: 0.12 solar masses |
Luminosity: 0.00155 solar luminosities
Rotation period: 83 days |
Temperature: 2800 Celsius

Distance to Earth: 4.23 light-years

Credit: ESO/M. Kornmesser/G. Coleman
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51 Peg A/
Helvetios

51 Peg b/i*u 'a’"
Dlmldlum Pt
$.7id

Credit: NASA/JPL-Caltech



JWST transit spectroscopy:
looking for molecules in exoplanet atmospheres
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